Mechanical stretch enhances the expression and activity of osteopontin and MMP-2 via the Akt1/AP-1 pathways in VSMC.
Hemodynamic forces causing mechanical stretch (MS) of vascular smooth muscle cells (VSMC) play an important role in vascular remodeling, but the underlying mechanism involved is not fully understood. Thus, this study investigated whether osteopontin (OPN) expression in VSMC was induced by MS, and identified the intracellular signaling pathways involved in OPN production. The plasma level of OPN and its expression in aortic tissue were increased in various animal models of hypertension including spontaneous hypertensive rats and hypertensive mice induced by angiotensin II or L-NAME. When aortic VSMC was stimulated with MS, OPN production was increased, which was markedly attenuated in VSMC treated with PI3K/Akt inhibitor as well as in Akt1-depleted cells, but not in Akt2-depleted cells, suggesting a pivotal role of Akt1 isoform in OPN expression in VSMC. In the promoter assay, MS increased OPN promoter activity, which was attenuated when the region harboring AP-1 binding sites was mutated. The MS-enhanced promoter activity and OPN expression were also decreased in cells treated with AP-1 siRNA or inhibitor. Moreover, MS-induced MMP-2 production was attenuated in cells treated with OPN siRNA or anti-OPN antibody as well as in OPN-deficient VSMC cultured from aorta of OPN deficient mice. In in vivo experiments, the expressions of OPN and MMP-2 were increased in the aortic tissues from hypertensive mice, but these increases were markedly attenuated in OPN-deficient mice with hypertension. In conclusion, these results suggested that OPN expression in the hypertensive vasculature was increased via signaling pathways that involve Akt1/AP-1, leading to vascular remodeling by increasing the production of MMP-2.